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ABSTRACT. Nature-based solutions promoting green and blue urban areas have significant potential to decrease the vulnerability
and enhance the resilience of cities in light of climatic change. They can thereby help to mitigate climate change-induced impacts and
serve as proactive adaptation options for municipalities. We explore the various contexts in which nature-based solutions are relevant
for climate mitigation and adaptation in urban areas, identify indicators for assessing the effectiveness of nature-based solutions and
related knowledge gaps. In addition, we explore existing barriers and potential opportunities for increasing the scale and effectiveness
of nature-based solution implementation. The results were derived from an inter- and transdisciplinary workshop with experts from
research, municipalities, policy, and society. As an outcome of the workshop discussions and building on existing evidence, we highlight
three main needs for future science and policy agendas when dealing with nature-based solutions: (i) produce stronger evidence on
nature-based solutions for climate change adaptation and mitigation and raise awareness by increasing implementation; (ii) adapt for
governance challenges in implementing nature-based solutions by using reflexive approaches, which implies bringing together new
networks of society, nature-based solution ambassadors, and practitioners; (iii) consider socio-environmental justice and social cohesion
when implementing nature-based solutions by using integrated governance approaches that take into account an integrative and
transdisciplinary participation of diverse actors. Taking these needs into account, nature-based solutions can serve as climate mitigation
and adaptation tools that produce additional cobenefits for societal well-being, thereby serving as strong investment options for
sustainable urban planning.
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INTRODUCTION
Climate change is already affecting Europe’s ecosystems and is
expected to pose further threats to biodiversity and ecosystem
functioning in the future (Schröter et al. 2005, Grimm et al. 2008,
Science for Environment Policy 2015). Foreseen effects relate to
the establishment of alien plant species, degradation of habitats,
decreases in the distribution of native species that are mal-adapted
to heat and drought, and water scarcity (Schröter et al. 2005,
Knapp et al. 2010, European Environmental Agency 2012).
Climate change also significantly impacts society, with the most
considerable effects likely to be experienced in urban areas (White
et al. 2005). The main risks include, for example, the effects of
heat waves and other extreme events (e.g., flooding, droughts,
etc.), changes in patterns of infectious diseases, and the impacts
on food yields and freshwater supplies (McMichael et al. 2008).
Declining water availability in cities and an increasing risk of
forest fires in peri-urban areas are additional threats faced by
urban populations (Schröter et al. 2005, European Environmental
Agency 2012).  
In addition to climate change, ongoing urbanization and the
accompanying increases in the number and size of cities threaten
ecosystems as these processes drive a large-scale conversion of
rural to urban landscapes (Seto et al. 2011). It is estimated that
only 40% of the urban areas that are foreseen to exist by 2030
have already been built, implying that significant additional urban
development will take place in the next 15 years (Secretariat of
the Convention on Biological Diversity 2012). A range of
interlinked pressures, such as the loss or degradation of natural
areas, soil sealing, and the densification of built-up areas pose
further challenges to ecosystem functionality and therewith
human well-being in cities around the world. These processes may
lead to biodiversity loss or a reduction in the general functioning
of ecosystems, and therewith in the provisioning of services they
provide (Artmann and Breuste 2015, Haase et al. 2014).  
Given these growing threats to biodiversity and society, green and
blue spaces within urban areas are being increasingly recognized
for their capacity to not only support biodiversity conservation
(Niemela 1999, Goddard et al. 2010), but also to generate
additional environmental, economic, and social benefits (Haase
et al. 2014, Kabisch et al. 2015a) and to foster the functioning of
ecosystems as essential backbones to climate change mitigation
and adaptation (European Commission 2015). The concept of
nature-based solutions (NbS) is one of several concepts that
promote the maintenance, enhancement, and restoration of
biodiversity and ecosystems as a means to address multiple
concerns simultaneously. Other related concepts include
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“ecosystem-based adaptation,” “green infrastructure,” “ecosystem-
based disaster risk reduction,” and “natural water retention
measures.” In most cases, these approaches are complementary,
have considerable overlap, and are also used in the nonurban
context. All of these terms focus on developing systemic
approaches utilizing concrete implementation actions as
solutions to address the outlined impending pressures and risks.
The development of systemic solutions suggests the optimized
generation of multiple ecosystem services with low required
physical resources (Everard and McInnes 2013). In this paper we
focus on NbS as an innovative approach, which builds on these
concepts and further addresses societal challenges in cities,
developing pathways toward sustainable urbanization.  
Nature-based solutions can be characterized as “[...] the use of
nature in tackling challenges such as climate change, food security,
water resources, or disaster risk management, encompassing a
wider definition of how to conserve and use biodiversity in a
sustainable manner” (Balian et al. 2014:5). Relevant actions
falling into this category include those “[...] which are inspired by,
supported by or copied from nature [...]” (European Commission
2015:4). They include green roofs and walls that serve to reduce
temperatures and to increase related energy savings through
reduced cooling loads (Alexandri and Jones 2008) as well as
improve air quality. Another NbS is the increased provision of
urban green spaces such as parks and street trees to ameliorate
high temperature in cities (Gill et al. 2007, Bowler et al. 2010).  
In urban landscapes, the cobenefits of NbS are being increasingly
recognized as a result of increased provisioning and improved
availability of urban green spaces. Such benefits include, for
example, improved quality of life, mental and physical health, and
reinforced cultural identities, supporting a sense of belonging and
place (Keniger et al. 2013, Hartig et al. 2014). Taking this aspect
of multifunctionality into account and considering the plethora
of cobenefits produced, NbS are seen to often represent more
efficient and cost-effective solutions to climate change threats
than more traditional approaches, such as conventional sewage
or air conditioning systems (European Commission 2015).  
The positive effects of green and blue spaces as NbS to climate
change mitigation and adaptation are highlighted in several
reports, scientific papers, and information platforms (such as
Climate-ADAPT by the European Environmental Agency, http://
climate-adapt.eea.europa.eu/). In an urban context, there is a
clear need to promote swift implementation using current
knowledge and experience while continuing to further explore
what specific actions may be required, and what the challenges
and issues might be in different places and for different ecosystems
and species. An important aspect of this is to learn from action
that is already taking place. Here, there is great potential to share
information among different countries and to learn from existing
approaches and experiences. Improving knowledge on (i) the
feasibility and opportunities of specific actions for enhancing and
implementing NbS in urban areas, (ii) their associated
effectiveness, and (iii) the potential barriers and opportunities to
action at the city level will help to build momentum. However,
knowledge gaps exist with regard to long-term benefits as well as
the contribution of NbS to increasing the resilience of urban areas
against foreseen environmental changes (Naumann et al. 2015).
The development of indicators can help to assess and demonstrate
the usefulness and effectiveness of NbS and increase the
measurability of their effects. Moreover, indicators can help to
systematically evaluate NbS implementation projects and
increase comparability and measurability, thereby adding to the
evidence base for NbS.  
Against this backdrop, we present insights from an inter- and
transdisciplinary expert workshop on “Nature-based solutions to
climate change mitigation and adaptation in urban areas,” which
took place at the International Academy for Nature
Conservation, Island of Vilm, Germany in March 2015.
Participants discussed the following interlinked issues:  
. Indicators for measuring the effectiveness of NbS for climate
change mitigation and adaptation and associated
cobenefits; 
. Knowledge gaps relating to the effectiveness of NbS in cities; 
. Potential barriers for bringing NbS into action; and 
. Opportunities facilitating action for NbS.
METHODOLOGY
The workshop aimed to showcase and explore examples of good
practices of NbS to climate change mitigation and adaptation in
Europe’s urban areas and their surrounding landscapes, and to
identify indicators of success for NbS, challenges of
implementation, and other knowledge gaps. An explicit goal was
to assess how the concept of NbS can help conservation to work
across sectors in collaboration with different disciplines such as
urban planning, architecture, ecology, and public health.
Therefore, the participating 34 experts from seven European
countries represented research, policy and society in the fields of
urban planning, geography, ecology, biology, and urban
sociology. Participants from policy came from national and city
administrations, as well as the European Commission.
Participants from society represented local NGOs and
community groups (for detailed information on the workshop
program, see Kabisch et al. 2015b).  
All participants convened and participated in a facilitated
discussion and dialogue about NbS. The workshop was organized
into two full days with different sessions, including keynote
presentations, panel discussions, and group activities and
discussions. The panel discussions and small-group discussions
were structured and lead by specific questions addressing the four
thematic areas of this paper: indicators, knowledge gaps,
opportunities, and barriers of NbS. All of the information and
knowledge gained from the workshop discussions was collected
using pin boards, minutes, several note takers, and photos.
Keynote presentations introduced theoretical considerations,
existing evidence from research, case studies, and highlighted
knowledge gaps and potential challenges for NbS implementation.
Subsequent group exercises explored these issues in more depth
in a world café format. Participants were asked to discuss and
brainstorm different issues for a certain period on each topic; pin
boards were prepared accordingly for collecting information and
facilitating discussions. Four of the participants facilitated this
session, took notes, and structured the discussion. Results of the
group work were presented in a plenary session for further
discussion to deepen the level of understanding across the groups.
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Fig. 1. Potential indicators concerning the effectiveness of nature-based solutions (NbS) for climate
change adaptation and mitigation and associated cobenefits.
RESULTS AND DISCUSSION
Indicators for measuring the effectiveness of NbS for climate
change mitigation and adaptation and associated cobenefits
Establishing a sound evidence base for NbS requires several
preconditions, such as streamlining assessment approaches and
including indicators focusing on measuring the effectiveness of
NbS for climate change adaptation and mitigation. An evidence
base can in turn be used to share information among different
countries and disciplines and to facilitate mutual learning from
NbS-related experiences, the challenges cities may face, or the
opportunities that could foster action for NbS. Case studies can
serve to illustrate the added value of NbS for, e.g., climate change
resilience (especially in combating the urban heat island effect),
reducing noise, improving air quality, and creating recreational
areas (European Commission 2015).  
One of the fundamental needs identified in the field of NbS is to
establish targeted indicators. An indicator is defined here as a
measure or metric based on verifiable data that condenses
complexity and conveys information (Haase et al. 2014).
Indicators could be used for efficiently measuring, analyzing,
monitoring, and communicating not only the effectiveness of
NbS, but also their characteristics (see also Sparks et al. 2011).
In terms of communication, indicators could help to track and
impart how green and blue spaces in cities provide benefits in
terms of adapting to climate change, and therewith to support
human well-being. Indicator values may also inform decisions
and actions by providing convincing arguments for decision
makers in urban administrations to, for example, consider NbS
in budget allocations.  
A wide range of potential indicators were identified over the
course of the expert workshop. The identified indicators had a
specific focus on comparative assessments of NbS both at city
level and between cities (Fig. 1). Numerous further indicators are
referred to in the literature (Colls et al. 2009, Cowan et al. 2010,
Doswald and Osti 2011, Naumann et al. 2014), but the indicators
identified in the workshop are suggested to cover four important
aspects that should be considered in the assessment of NbS: (1)
indicators for integrated environmental performance, (2)
indicators of human health and well-being, (3) indicators for
citizen involvement, and (4) indicators of transferability. A unique
aspect of the developed indicator sets is that they point to an
assessment of the supply-side (environmental performance)
related to urban ecosystem services and NbS as well as to the
demand-side (health and well-being, citizen’s involvement, as well
as transferability and monitoring), where socio-demographic and
socioeconomic data need to be included in an assessment.  
Integrated environmental performance indicators predominantly
relate to regulating ecosystem services, such as climate regulation
measured by temperature reduction, air quality regulation
through a decrease of air pollutants, and flood control by
mitigating extreme events and increasing local water retention.
Some indicators refer to biodiversity, such as the share of
vegetation cover (with vegetation cover per se not being
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necessarily diverse but large vegetated areas providing room for
biodiversity; Beninde et al. 2015). This points to a general increase
in urban green spaces, which also includes the share of brownfield
sites in a given area that have been developed into near natural
green spaces. In a comprehensive review that focuses on studies
assessing urban ecosystem services, Haase et al. (2014) showed
that indicators for local climate and air quality regulation and
carbon sequestration and storage were predominantly applied in
a number of studies, while fewer studies used indicators for
cultural or provisioning services. The lack of data availability was
discussed as one reason for this. Furthermore, indicators related
to ecosystem disservices of green and blue infrastructure were
discussed in the workshop. Ecosystem disservices can be defined
as ecosystem functions that are rather negatively perceived for
human well-being (Lyytimäki and Sipilä 2009). Related indicators
are increasing numbers of mosquitoes or increasing number of
plants emitting allergic pollen. Disservices only started to be
recognized in ecosystem services research (Lyytimäki and Sipilä
2009, von Döhren and Haase 2015) and were not mentioned in
the prominent basic ecosystem services publications (de Groot et
al. 2002, Millennium Ecosystem Assessment 2005, TEEB 2011).  
Indicators related to health and well-being concern the cobenefits
of NbS and include physical and mental health indicators, as well
as the spatial availability of green and blue spaces. Physical and
mental health indicators were suggested by workshop participants
to measure the number of people participating in outdoor sports
activities and specific health benefits, such as reduced rates of
respiratory diseases or obesity. A number of studies have
illustrated the positive health effects from living in close proximity
to green spaces (for an overview, see Hartig et al. 2014). Mental
health has also been suggested to be measured through happiness
indicators for life satisfaction ratings (White et al. 2013, Carrus
et al. 2015). In addition, indicators addressing social and
environmental justice issues were proposed at the workshop, such
as measurements of green space availability through the number
or share of residents affected by displacement or increasing
segregation. The installation of new or restoration of existing
green spaces might be beneficiary as an NbS for climate change
adaptation or mitigation, but may simultaneously lead to
increases in land prices and rent because of increased
attractiveness of the area. In turn, those residents for which the
green spaces would be most beneficial sometimes cannot profit
from the natural area because of displacement processes. Such
effects are called the “green paradox” (Wolch et al. 2014), eco-
gentrification (Irvine et al. 2013, Haffner 2015), ecological
gentrification (Dooling 2009), or environmental gentrification
(Checker 2011).  
The remaining two sets of identified indicators relate to the
processes of developing and managing NbS. Experts in the
workshop suggested that one set of indicators relate to (the
number or percentage of) citizens’ involvement in green
implementation projects and citizens owning or maintaining a
green space (see also Shandas and Messer 2008). Indicators
related to citizens’ involvement may also include measurements
on how information on NbS is shared and adopted in the
community. This could be measured by the information gained
through new media, such as Facebook and the number of “likes”
for a certain topic or post.  
Finally, the fourth set of proposed indicators relates to the transfer
of model projects into general practice and monitoring of
projects. This set may include implementation measures and
integrated governance approaches, measured by the number of
stakeholders coming from different sectors involved in planning
and implementation as well as the number of policy officers and
planners that employ the concept of NbS for policy practice in
terms of forming planning agendas, plans, and integrating it in
the planning discourse. Some aspects were intensively discussed
in the workshop, including timing, financial aspects, and
monitoring. Monitoring relates to concerns of whether or not
monitoring is encouraged (e.g., monitoring of a strategy’s
implementation) and, if  indeed included, the duration for which
these monitoring activities are foreseen. Indicators relating to a
city’s administrative budget include the percentage of budget
allocated to green space planning, implementation, maintenance,
and monitoring of implementation projects and strategies.
Knowledge gaps relating to the effectiveness of NbS in cities
Knowledge gaps remain with regard to a number of issues
surrounding the effectiveness of NbS for climate change
adaptation and mitigation and their impacts on the natural and
social environment. More specifically, four main knowledge gaps
were identified by the workshop participants (Fig. 2) relating to:
(1) the effectiveness of NbS; (2) relationship between NbS and
society; (3) design of NbS; and (4) implementation aspects.  
The first group of knowledge gaps focuses on the effectiveness of
NbS related to an incomplete evidence base concerning trade-offs
and synergies between NbS for climate change mitigation/
adaptation and biodiversity, human health, or social and
economic aspects (Hartig et al. 2014, World Health Organization
and Secretariat of the Convention on Biological Diversity 2015).
Substantial scientific evidence outlines the linkages and causal
effects between urban green spaces and positive effects on human
health and well-being; however, these relationships remain
contested regarding the degree of causality and effectiveness.
Although a number of studies found beneficial health effects (for
a current comprehensive overview, see World Health
Organization and Secretariat of the Convention on Biological
Diversity 2015), others could not identify any association between
green space availability and general health improvements
(Richardson et al. 2013). Furthermore, knowledge on the impacts
of climate change on biodiversity and its linkages to ecosystem
services and the effectiveness of NbS in cities is limited because
biodiversity in cities is exposed to multiple stressors
simultaneously, such as high levels of pollution, fragmentation,
and disturbance (Niemela 1999). Further, biodiversity and
ecosystem services do not necessarily enhance each other (Ziter
2015).  
The appropriate time scale of NbS implementation is another
aspect that is unclear within this gap category. It remains unclear
which approaches would be more effective in the long term and
which would be more effective immediately after implementation.
These questions are relevant when it comes to, for instance,
different approaches to stormwater management such as
bioswales, rain gardens, and roof-greening. Generating this type
of information will require longer term research, data collection,
and observations. Sharing information and applying comparative
approaches can be used not only to map and identify similarities
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Fig. 2. Knowledge gaps for the various dimensions nature-based solutions (NbS) can affect.
and differences in the form of patterns or meta-level strategies,
but also to examine by comparison the enabling or inhibiting
context conditions (governance and socioeconomic) that affect
the establishment and scaling of NbS across cities. Certainly, a
number of city projects concerning climate change through urban
green areas exist and have been implemented; however, a shared
knowledge base in general and particularly for urban areas
continues to be lacking because of uncertainties on how to best
share information and regarding the drivers and constraints of
implementation.  
The second knowledge gap concerns the relationship between
NbS and society and, more specifically, the stakeholder
involvement and impact of human-nature interactions in forming
or altering lifestyles, beliefs, and preferences while also
considering place-impacts such as displacement and gentrification.
Questions were raised during the workshop regarding approaches
on how to involve stakeholders from planning administrations
and residents in long-term projects, as well as if  all residents can
benefit from implemented NbS or if  benefits are only accessible
to a selected portion of the population (see also Gobster 1998,
Byrne and Wolch 2009). Societal relations also concern
knowledge gaps relating to the identification of an optimal way
of communicating positive and negative examples (failures) of
NbS.  
The third knowledge gap concerns the design of NbS and the
question of how existing technical knowledge from architects and
engineers can inform NbS to design and integrate NbS alongside
existing grey infrastructure. An additional unknown is what the
optimal design of different NbS can look like to best serve multiple
purposes in parallel. For instance, there is increasing evidence on
the potential of green roofs and façades for enhancing climate
regulation and counteracting urban heat island effects (e.g., “Green
Living Room Ludwigsburg” TURAS-project, http://www.turas-
cities.org/case_study). Workshop participants clearly stated that
although knowledge is already available on the implementation of
such solutions at the city level (e.g., greening roofs and façades in
Levallius 2005, Yang et al. 2008, Scherba et al. 2011, Hunter et al.
2014, Santamouris 2014), gaps remain that relate to questions such
as the following: What technical knowledge and skills are required
for multifunctional urban planning and how can this knowledge
be included and interlinked with knowledge on environmental and
social systems to produce the best possible synergies for, e.g.,
climate adaptation and mitigation?  
Another important knowledge gap relates to the implementation
of NbS. More specifically, urban administrations may lack
information on legal instruments and requirements for
implementing NbS. It is also not clear what kind of NbS fits best
with city development goals, although this depends largely on the
context of each city. Workshop participants concluded that
evidence is needed on how to deal with conflicts of interest, such
as competing land uses due to differing goals and ideas of
landowners in growing cities. When city populations are increasing
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and new residential space needs to be developed, the question
arises of how green spaces can ideally be further developed and
maintained within the context of climate change adaptation and
mitigation. Here, strategic planning of green infrastructure will
be instrumental to avoid piecemeal approaches and instead to
integrate NbS into a multifunctional and connected system of
green and blue spaces in the city (Pauleit et al. 2011, Hansen and
Pauleit 2014). Improved knowledge is required on the instruments
and tools needed to successfully implement NbS. There is a need
to identify good-practice strategies for planning and
implementing NbS and generating more knowledge on the cost-
efficiency of NbS in comparison to other, more conventional
(engineered) approaches (Secretariat of the Convention on
Biological Diversity 2009). This comparison should include a
long-term perspective and the range of possible cobenefits that
can be produced.
Potential barriers to NbS
A broad range of potential barriers to the implementation and
up-scaling of NbS as tools for climate change mitigation and
adaption were raised at the expert workshop. These aspects have
been clustered into the following categories (Fig. 3): fear of the
unknowns, the disconnect between short-term actions and long-
term goals, the discontinuity between short-term actions and
long-term plans, sectoral silos, and the paradigm of growth.
Understanding these barriers and the interconnected factors that
reinforce them is essential not only for gathering evidence and
knowledge to overcome those that are a matter of perception, but
also for finding opportunities to address them.
Fig. 3. Combination of barrier circle and opportunities that
facilitate action for nature-based solutions in urban areas.
The “fear of the unknowns” considers both uncertainties and
risks of implementing NbS in cities, as well as the resulting
changes this may induce in city planning. Because of their nature,
NbS must be handled differently than other approaches and
require new protocols for implementation and maintenance; these
factors are perceived as an operational unknown. Additionally,
NbS have not yet received assessments of their effectiveness in
dealing with climate mitigation and adaptation targets such as
carbon offsets that may also create a performance unknown. This
may be related to the lack of awareness regarding climate change-
induced problems and the benefits NbS can bring. Even though
a number of urban planners are aware of the benefits urban green
areas provide, as shown by the increasing number of green
infrastructure strategies being developed, some policy makers
and/or residents may not be as aware or might even have the
perception that green installations on roofs and walls are harmful,
e.g., are “dirty and host insects,” creating additional perception
hurdles (Lohr et al. 2004, Kirkpatrick et al. 2013, Kronenberg
2015). With local urban policy officers and planners often being
risk averse, these unknowns create roadblocks for the uptake of
NbS in cities.  
Another barrier concerns the disconnect between short-term
actions and long-term goals. Changes in administration, for
example, often require long-term planning, implementation, and
maintenance processes, including the sustainable designation of
sufficient funds to be applied throughout the lifetime of the NbS.
This is contrary to the commonly short-term action and decision-
making cycles within city administrations. In some cases,
responsibilities for the maintenance of the project remains
unspecified, which poses a risk to the continuity of delivering the
desired socioeconomic and environmental benefits in the long
term. Even in cities where long-term policy plans undergo
adaptive monitoring for taking up new innovative solutions,
scientifically validated options and knowledge are often not
available at the time that the policy windows are receptive to new
ideas. In a comprehensive comparison of green infrastructure
planning and implementation in a number of European cities,
Davies et al. (2015) identified that frameworks for green
infrastructure policies generally concern long-term visions that
may have to be modified when policy objectives change during
new political cycles. Overall, these factors result in a disconnect
between policy receptiveness and ready-to-apply scientific results
and concepts (Frantzeskaki and Tilie 2014, Spruijt et al. 2014,
Hansen et al. 2015).  
In parallel, there is also discontinuity between short-term actions
and how they relate or build up to long-term plans and goals. A
number of projects researching NbS more generally and looking
specifically at implementation aspects only exist for a certain
(short) time; there is, however, the need for long-term projects,
particularly regarding solutions about how to address
implementation and maintenance after the project and related
funding end. This is mirrored in the activities working to develop
long-term ecological research (with research sites established all
over the world; see http://www.ilternet.edu) into long-term social-
ecological research (Ohl et al. 2010). The focus is suggested to not
only rest on researching the design and early-stage
implementation of NbS, but also to enable a monitoring of the
impacts they have in terms of human-environment relationships
over time.  
Another major barrier to action that was highlighted during
workshop discussion rounds refers to the traditional structures
of city departments and them commonly having their own
“sectoral language.” Knowledge is thus trapped in “sectoral silos”
(Naumann et al. 2011, Frantzeskaki and Tillie 2014, Hansen et
al. 2015). Furthermore, city departments have defined fields of
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duty and restricted responsibilities, where multifaceted fields of
responsibilities or projects such as NbS often may not fit into
existing decision-making structures. Relating to this, an
associated barrier to action also refers to “strong stakeholders”
with whom a city or municipality has to set up interactions; they
include other public bodies such as housing associations,
investors, or developers (Davies et al. 2015).  
The last barrier concerns the paradigm of growth and the symbol
of growth to which cities adhere. Even within the context of
economic and demographic decline, cities promote growth
strategies and growth-dominated visions that we label as “the
growth obsession barrier.” For example, Kabisch and Haase
(2013) identified that in shrinking European cities, the percentage
of urban green-space cover sharply decreased, whereas urban
residential areas significantly increased regardless of population
growth or decline. Increases in built-up area including spaces for
commerce, infrastructure, etc. seems to be the main focus for
development, even under conditions of population decline (Haase
et al. 2013). The focus remains on economic growth-oriented
issues (creating jobs, attract investments), while less attention and
money remains for the development of urban green spaces and
the related benefits of NbS. City budgets for green development
and the maintenance of green spaces often face severe budget
constraints, while staff  and related expertise is decreasing (Baur
et al. 2013, Davies et al. 2015, Kabisch 2015). Tight financial and
time budgets combined with reductions in staff  and expertise may
also lead to not using existing funding options for green space
implementation projects. EU-funding instruments are available
for cities, but they are complicated to apply for (requiring
additional administrative staff  and time) and, more importantly,
require cofinancing, which many cities cannot afford.
Opportunities facilitating action for NbS
Opportunities that facilitate action for NbS may arise from areas
such as knowledge valorization and sharing, public opinion and
perception, path dependencies in policy, funding, use, and
resource constraints, or the influence of other sectors. The
concept of NbS is expected to shift the discourse in policy and
science from focusing on barriers to offering solutions that create
opportunities for achieving urban sustainability. As a new
concept, however, NbS are not free from the existing pathologies
in the urban governance context that are formed by both barriers
and opportunities. During the workshop with experts and
practitioners, several areas of opportunity were recognized that,
if  instrumentalized, can serve to catalyze the uptake of NbS by
cities (these are listed around the barrier cycle in Fig. 3).  
The first opportunity area is about valorizing and exploiting the
existing tacit and expert knowledge of policy makers, policy
advisors, urban citizens, researchers, and urban planners about
NbS in cities (Moseley et al. 2013, Krasny et al. 2014). Knowledge
gained through experiences with implementing successful projects
where urban green spaces were introduced, improved in quality,
or restored as well as lessons learned from less successful projects
is deemed as being instrumental for effectively employing NbS in
urban planning. This knowledge is, however, only able to be put
in practice when new actors or stakeholders engage with those
networks that are created or have acquired the experiences.
Demonstration projects on NbS and adaptation in cities have
created collaborative networks and communities of practice
across institutional boundaries that are the levers for legitimizing
new planning practices and concepts (Moore and Westley 2011,
Boyd et al. 2015). Engaging and further extending those
communities via the introduction and invigoration of the
promises of the NbS concept can be essential for the quick uptake
and integration into existing knowledge and for overcoming
tensions between different stakeholders and fostering engagement
with multiple knowledge-holders.  
Multiple proposals were generated for facilitating knowledge
valorization at the workshop. For example, it was suggested to
establish a knowledge platform or platforms with a particular
focus on cities. These are envisioned to be accessible and open for
knowledge gathering, aggregating, and cocreating as a NbS
stewardship community (Bodin and Crona 2009, Crona and
Hubacek 2010, Fisher et al. 2012) that adheres to the principles
of knowledge sharing (Connolly et al. 2013, Debarbieux et al.
2014) and generative learning (Richter et al. 2015). In conjunction
with the NbS stewardship community, the second proposal for
knowledge valorization includes the empowerment of NbS
ambassadors to promote NbS and engage in a science-community
advocacy for NbS by making NbS benefits and risks
communicable to citizens and politicians alike. NbS ambassadors
can serve as environmental icons and be promoted as “rock-stars”
with the skills and talent to create new narratives about NbS and
act as “belief-managers” who volunteer to not only spread the
message, but who also lead the debate by being “widespread and
persistent even though it involves personal costs“ (Arbak and
Villeval 2013:638, Johnson et al. 2014).  
The second opportunity area is about the establishment and
utilization of collaborative governance approaches in which
policy officers collaborate with citizens, businesses, and civil
society, including, but not limited to NGOs, to connect demands
for action with responsible actors or partnerships for action and
jointly ensure good governance practices adhering to
transparency, legitimacy, and openness. The partnering of
different actors may reduce barriers or constraints for adopting
NbS as well as for their implementation in cities (Graham and
Ernstson 2012, Frantzeskaki et al. 2014). Specifically,
collaborative arrangements enable the distributed responsibilities
that further foster a shift from risk aversion to sharing the risk of
new solutions like NbS (Visseren-Hamakers et al. 2012).
Partnerships that make concentrated efforts to involve the urban
government are crucial for opening space for innovative
approaches and solutions like NbS to find fertile ground for
experimentation and for a rapid transfer from concepts to action.
Within these partnerships and collaborative arrangements,
municipalities can adopt an action-thinking approach, e.g.,
declaring action with and for NbS as a duty task for municipalities
(Hamann and April 2013, Woolthuis et al. 2013, Frantzeskaki et
al. 2016).  
In line with the above factors, the first proposal for collaborative
governance for NbS includes the provisioning of incentives and/
or the removal of administrative barriers to allow for partnerships
to emerge between city governments and businesses as well as with
citizen organizations. The resource and governance synergies that
are put to work with such partnerships can create new
opportunities for an efficient uptake of NbS (see Visseren-
Hamakers et al. 2012, Frantzeskaki et al. 2014). A second
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proposal for fostering collaborations and new partnerships is for
local and translocal governments to create conditions for new
business and finance models by divesting from dominant
solutions, e.g., investments in optimizing efficiency of grey
infrastructure as the one and only focus, and by leveraging
private and public funding in strengthening NbS (European
Commission 2015). A third proposal concerns how to learn from
emerging partnerships between civil societies the modes of self-
governance in cities (Coaffee and Deas 2008). Grassroots
innovations and transition initiatives as collaborative networks
of citizens play a significant role in advocating and practicing
NbS in cities as re-establishing green urban commons
(Anguelovski 2013, Bendt et al. 2013, Colding and Barthel 2013),
providing on-the-ground evidence of the multiple benefits of
NbS.
CONCLUSIONS
A number of issues should be added to science and policy
agendas when dealing with climate change adaptation and
mitigation measures through the instrument of NbS. We thus
conclude by highlighting three main needs for future science and
policy agendas when dealing with NbS. These needs have been
identified by all workshop participants in the final plenary
discussion, building on the existing evidence presented in this
paper. It should be noted, however, that although the discussion
exclusively centers around European research, policy, and
society experience and examples, the findings nevertheless have
clear applications and knowledge transfer potential to other
parts of the world.
1. Produce stronger evidence of NbS for climate change
adaptation and mitigation and raise awareness by increasing
implementation
Further research is necessary to assess the effectiveness of NbS
and compare it with technology-based solutions when being
implemented for the purpose of addressing climate change
adaptation and mitigation. Although a number of applied
examples already exist (Secretariat of the Convention on
Biological Diversity 2009, Naumann et al. 2011, 2014),
significant additional research as well as on-site monitoring
should be conducted to develop a sound evidence base and
highlight efficient implementation, functioning, and cost-
effectiveness aspects of NbS in cities. Considering the latter
aspect, multiple social, economic, and environmental cobenefits
have to be included in these calculations as well as the potential
time lags occurring before the benefits and advantages of using
NbS become evident. Although learning from failures would be
desirable, obtaining information on these aspects is very difficult.
Concerning specific green infrastructure elements and designs,
e.g., green rooftops or walls as well as bioswales as road limits,
more research is needed that clearly illustrates effectiveness
through indicators. Despite the increasing implementation of,
for example, green and “constructed wetland-like” approaches
to the management of local stormwater that complement
conventional sewage systems with NbS, a comprehensive
understanding of the complementary benefits of technical
solutions and NbS is still missing. A similar recommendation
comes from the H2020 expert group on “Nature-Based Solutions
and Re-Naturing Cities” that calls for “[...] more comprehensive
evidence base on the social, economic and environmental
effectiveness of possible nature-based solutions [...]” (European
Commission 2015:21). We go one step further and ask for good
practice examples on the real integration and exchange of expert
knowledge from engineers, architects, and landscape designers to
include their (technical) knowledge in discussion rounds on urban
green space planning for NbS. Potential options for how to
overcome the barriers in the cooperation between these disciplines
for the integration of NbS with technical solutions have been
discussed, e.g., by Fryd et al. (2010) and Backhaus and Fryd
(2012).  
Moreover, sound evidence related to the impacts of climate
change on biodiversity and its linkages to NbS and ecosystem
services in cities has to be taken into account. For instance, higher
urban temperatures based on the urban heat island effect were
shown to be a main stressor to which urban biodiversity,
particularly trees, is exposed (Schmitt et al. 2014); however, the
impact of climate change-related temperature increases on
biodiversity remains unclear. More evidence is needed concerning
the role of urban species community composition and
configuration for efficient climate change adaptation and
mitigation, e.g., in decreasing air temperature or increasing air
moisture to list two important effects. This relates to concerns
about the number and diversity of species in cities and their effect
on city resilience toward climate change and which aspects of
biodiversity are relevant for ecosystem service provision, e.g.,
habitat diversity, species richness, functional diversity, or others.
NbS might not always only be provided by diverse systems, but
also by single keystone species. In this respect, more research is
needed for the identification of synergies and trade-offs among
species biodiversity features, such as species composition and
ecosystem functioning, and ecosystem services under climate
change, as well as disservices of green and blue infrastructure.
2. Adapt for governance challenges in implementing NbS
A significant challenge for city administrations is the allocation
of a sufficient budget for implementing and maintaining green
space projects in cities’ tight financial periods (Hansen et al. 2015,
Kabisch 2015). Efforts that favor sustaining activities on a long-
term basis should be embedded in NbS projects. There will not
be a “one size fits all” solution because this will depend on local
contexts. Strategically selected NbS could be highlighted as good-
practice examples and communicated as “rock-stars of NbS” (or
flagship projects) to city officials, local entrepreneurs, investors,
and other actors including city residents and community groups.
This strategy may increase awareness about the benefits offered
by NbS. Highlighting good practice examples and promoting NbS
in general might be possible by bridging silos through
communicating the multiple benefits of NbS across sectors and
departments. Using ad hoc or problem-based governance while
focusing on a better use of existing finance instruments and
linking biodiversity and climate change efforts may help in
implementing strategies on NbS. Midterm financial schemes to
better highlight the “rock-stars” and to give them a chance to
show their potential may also be one option. Implementation
projects may then be transferred to long-term approaches in terms
of development, implementation, maintenance, and financing of
NbS projects, which is key for climate change adaptation and
mitigation measures. Research on cost effectiveness of
implementing NbS might help to justify new investments and to
promote long-term funding or public-private arrangements. Bold
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sustainability agendas may be realized through different forms of
cooperation that could be also done in NbS programs, to allow
for different forms of partnerships to take the implementation
task on board (Frantzeskaki et al. 2014). Reflexive governance as
a model that considers partnering or collaborative governance
arrangements and local governance structures may be the one
applicable for social-ecological innovations such as NbS (Pereira
et al. 2015). This would also include learning from and being aware
of failures and including them in reflexive governance discussions.
Multiple actors possessing different types and degrees of
knowledge could then engage in a reflective way to update their
planning, governance, knowledge production practice over time
to continuously address arising risks and uncertainties. More
reflexive approaches to urban governance further implies
bringing together the new networks in society, NbS ambassadors,
and newly introduced practitioners. This will deepen the extent
of learning on how to implement NbS and extend the knowledge
gained by reflecting on failures and contradictions in planning
and implementation processes.
3. Consider socio-environmental justice and social cohesion when
implementing NbS
When promoting urban green and blue areas through NbS, the
cobenefits that citizens receive from urban nature are often
highlighted. However, NbS may not always be beneficial for all
population groups in the same way or to the same degree, and
some benefits may take several years or decades to come into full
effect. Improved availability of urban green spaces may not
increase social coherence, as promoted in the Final Report of the
2020 Expert Group (European Commission 2015). Instead,
improvements and increases in the size and quality of urban green
spaces might go hand in hand with increasing land prices and rent
(Dooling 2009, Seymour et al. 2010, Checker 2011). In turn, this
could lead to the potential displacement of population groups
who cannot afford the higher prices and for whom the green space
would be most beneficial. It can thus be questioned if  NbS lead
to a reconnection of people to nature in cases where increasing
rent prices force them to move into areas with a lower residential
quality. New modes of governance are thus necessary to take into
account an integrative and transdisciplinary participation of
diverse residents, thereby counteracting displacement processes.
Integrated approaches are required to make sure that housing at
affordable prices is provided while simultaneously bettering the
environment.  
This paper strengthens the merits of NbS by focusing on
implementation aspects and brings this solution-concept to urban
governance and practice while opening the debate on social,
economic, and ecological aspects to be considered. The concept
of NbS holds significant potential for enhancing climate change
mitigation and adaptation in urban areas and for contributing to
the resilience and livability of cities. However, further research is
needed to collect evidence on the effectiveness of NbS. Efforts in
this field should also invest in wide-scale implementation,
learning-by-doing, advancing through experience, etc. In
particular, successful strategies for the implementation and
management of NbS in the urban environment and appropriate
governance frameworks need to be developed and communicated
to policy and society. By creating demonstration sites to assess
NbS in practice, municipalities can develop pilot areas and
adaptive management tools to refine the performance of NbS
actions toward climate change mitigation and adaptation
objectives as well as maximize cobenefits for society and
biodiversity. NbS needs to be recognized and developed as
proactive investment and supported as such in planning
procedures and fostered in joint dialogues between policy, society,
and science.
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